Structure-function relationships in the stereospecific and manganese-dependent 3,4-dihydroxyphenylalanine/tyrosine-sulfating activity of human monoamine-form phenol sulfotransferase, SULT1A3.
The human monoamine-form phenol sulfotransferase (PST), SULT1A3, has a unique 3,4-dihydroxyphenylalanine (Dopa)/tyrosine-sulfating activity that is stereospecific for their d-form enantiomers and can be stimulated dramatically by Mn(2+). This activity is not present in the simple phenol-form PST, SULT1A1, which is otherwise >93% identical to SULT1A3 in amino acid sequence. The majority of the differences between these two proteins reside in two variable regions of their sequences. Through the characterization of chimeric PSTs where these two regions were exchanged between them, it was demonstrated that variable Region II of SULT1A3 is required for the stereospecificity of its Dopa/tyrosine-sulfating activity, whereas variable Region I of SULT1A3 is required for the stimulation by Mn(2+) of this activity. Further studies using point-mutated SULT1A3s mutated at amino acid residues in these two regions and deletional mutants missing residues 84-86 and 84-90 implicate residue Glu-146 (in variable Region II of SULT1A3), as well as the presence of residues 84-90 of variable Region I, in the stereospecificity in the absence of Mn(2+). Residue Asp-86 (in variable Region I of SULT1A3), on the other hand, is critical in the Mn(2+) stimulation of the Dopa/tyrosine-sulfating activity of SULT1A3. A model is proposed, with reference to the reported x-ray crystal structure of SULT1A3, to explain how the normal role of SULT1A3 in dopamine regulation may be subverted in the presence of Mn(2+). These studies could be relevant in understanding the stereoselective action of SULT1A3 on chiral drugs.